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1.  INTRODUCTION 
In the past decades, most of the structural control strategies are centralized in nature, i.e., structural 
response data collected by all sensors deployed in a structure are fed into a central controller. To 
overcome these difficulties of the large amount of data transmission, decentralized control strategy was 
proposed. Decentralized control has been used in areas such as power transmission network, economic 
systems and space dynamic systems (Sandell et al., 1998, Bakule,2008). Only limited research reports are 
available in the literature in recent years. Lynch and Law (2002) investigated fully decentralized control, 
partially decentralized control and Market-based control algorithms for  for multistorey buildings. Wang 
(2007) proposed an iterative decentralized structural control algorithm based on the classical Linear 
Quadratic Regulator (LQR) control design. In recent years, Loh et al. (2008) studied fully decentralized 
control, half-centralized control, and partially decentralized control to building structures and Rofooel 
(2006, 2007) presented decentralized control approaches in which instantaneous optimal control scheme 
and sliding mode control scheme are used with different control feedbacks. However, interaction effects 
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between substructures were not properly considered in Loh et al’s work while responses of state vector at 
all degree of freedoms (DOFs) of a structure need to be observed in Rofooel’s decentralized algorithm. 
In practical structural control of large-size civil structures, usually, only limited numbers of 
accelerometers are installed in a structure. Kalman filter approach can only be used for small size 
structure with limited DOFs. In this paper, an algorithm is proposed for the decentralized structural 
control of large-scale building structures under limited acceleration measurements. A large-scale building 
structure is divided into a set of smaller substructures. Each substructure is controlled by its own local 
controller. The decentralized control algorithm proposed is based on instantaneous optimal control 
scheme. To evaluate the performance of the proposed decentralized control algorithm, it is applied to the 
second generation of the American Society of Civil Engineers (ASCE) 20-story high-rise building 
benchmark control problem under earthquake excitation.  
2. THE NEW DECENTRALIZED CONTROL APPROACH 
Consider the structural control of a large-scale structureˈsuch as the one shown in Fig.1(a), under 
earthquake excitation. The equation of motion of the structure can be written as  
( ) ( ) ( ) ( ) ( )s st t t t t      gMx Cx Kx B U D U  (1) 
where x , x  and x  are vectors of displacements, velocity and acceleration response, respectively. 
M, C and K are the mass, damping, and stiffness matrices, respectively; Bs is location matrix of control 
force and U is control force; Ds is location matrix of external force, gU is the ground acceleration. 
2.1. Decentralization of structures 
The large-scale structure can be divided into a set of substructure as shown in Fig.1 (a). Then, the 
equation of motion of the r-th substructure as shown in Fig. 1(b) can be extracted from the equation of 
motion of the whole structure, Eq. (1), to yield 
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where subscript ‘r’ denotes internal DOF of the substructure concerned, subscript ‘s’ denotes interface 
DOF. 
The above equation can be re-arranged as  
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )t t t t t t t t         rr r rr r rr r rr r rr gr rs s rs s rs sM x C x K x B U D U M x C x K x  (3) 
As shown in Fig. 1(b), by treating the interaction effects as “unknown disturbances” to the r-th 
substructure, the above equation can be expressed in the state-space form as follows: 
( ) ( ) ( ) ( ) ( )r r r r r r rt t t t t    
* *
gr rX A X B U D U D f  (4) 
where ( )t*rf  are the “unknown disturbances”, 
*
rD  is the location matrix of “unknown disturbances” , 
and
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The above equation can be rewritten in discrete-time as  
[k +1] [k] [k] [k] [k] *r rd r rd r rd gr rd rX = A X + B U  + D U + D f  (6) 
where all the matrixes in the above equation can be transformed from their matrixes in Eq.(4). 
Figure 1(a): The model of a shear building                                     Figure 1(b): The model of with   substructure “unknown inputs” 
2.2. The control scheme 
The instantaneous optimal control scheme introduced by Yang et al. (1987) is used in this paper. The 
equation of motion in (1) can be decoupled through series of transformation by Rofooel (2006), therefore, 
the optimal control force can be obtained as 
1( ) ( )
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In this paper, weighting matrix is selected as 
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If U is choose an appropriate number, the stability criterion is satisfied. The gain matrix is changed 
into the following form: 
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The R matrix is assumed to be a diagonal, positive definite matrix. Therefore, the displacement and 
velocity feedback gain is a diagonally dominant matrix with a bandwidth equal to two. As can be seen 
from Equation (9), the control forces of each substructure are dependent only on its local states and the 
state of the top storey of the lower substructure. 
2.3. Estimation of the state-space by Kalman estimator 
Since each substructure has small numbers of DOF, the classical Kalman estimator can be used to 
estimate its local state based on the limited observations. At the time instant t= k×Ƹt, the state-vector 
Xr[k+1] can be estimated as 
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where Lr[k] is the Kalman estimator gain matrix and [ ]ky  is defined as  
1k k k k k k k k    [ ] [ ] [ ] [ ] [ ]  * *r r r r r r gr r ry C X FU G U G f  (11) 
in which k k[ ] *
r
f  is the estimated value of the unknown disturbances k[ ]*
r
f , given the observations at 
time t=k*t. 
3. THE BENCHMARK CONTROL PROBLEM 
The ASCE 20-story benchmark building is a 20-story building specified in the benchmark statement 
in the paper of Spencer et al. (1998). It is 30.48 m by 36.58 m in plan, and 80.77 m in elevation. The bays 
are 6.10 m on centre, in both directions, with five bays in the north-south (N-S) direction and six bays in 
the east-west (E-W) direction. The damping matrix is determined based on the assumption of Rayleigh 
damping. The DOF of the original model was reduced by the Guyan dynamic condensation method. Only 
the horizontal 20-DOF does be retained, with the vertical and rotational degrees of freedom reducing. To 
evaluate the various control methods, three groups of evaluation criteria are defined, including peak 
response values (J1- J4), root-mean-square (RMS) response values (J5- J8), and control force (J9). Each 
value of evaluation criteria is compared to the result of structural response without controlling by Ohtori 
et al. (2004). The building is excited by the 1940 El Centro N-S earthquake excitation with a PGA=0.4g. 
Control force is imposed on every floor. Five acceleration sensors are employed at 4th, 8th, 12th, 16th and 
20th floors.  
3.1.  Effectiveness of the proposed decentralized control algorithm 
In this paper, it is assumed that actuators are located on all floors, if an actuator force is defined to be 
moving the floor above the actuator towards the left direction, and moving the floor below the actuator 
towards the right direction. In all parts of the simulation, it is assumed that t' = 0·002. 
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First, the building is divided into two substructures. The 1-10 story part of the building is the 1st
substructure and the 11-20 story part of the building is the 2nd substructure. The instantaneous optimal 
control algorithm is used with 51.5 10K  u , 0.1U    and 5 20 202 10

u uR I .
To validate the performance of the proposed decentralized control algorithm, the conventional 
centralized control algorithm is also applied to the structural control the building. Decentralized control 
effects by the proposed algorithm are compared with those by centralized control approach 

Figure 2: The comparison of the maximum  displacement responses                 Figure 3: The comparison of the maximum 
From Figs. 2-3, it is shown that the story displacements responses under the El Centro earthquake 
excitation are reduced significantly by the proposed decentralized control algorithm. The decentralized 
control effects on the maximum story displacements, inter-story drifts and maximum accelerations are as 
good as those by the centralized control. 
Then, to investigate the effect of the number of substructures and their size on the performance of the 
decentralized control approach, the benchmark building is divided into three sub-structural units with six, 
seven and seven storey each from the bottom, respectively with the same parameters. 
The results shown in Figs. 4-5 indicate that the responses of the structure and the required control 
forces in the above two and three substructure approaches are the same. Consequently, changing the 
number of storey for each substructure and number of substructures does not have an appreciable effect 
on the response of the structure. Therefore, a tall building can be divided into an optimal number of 
substructures depending on the reliability of the control mechanisms, without any significant loss of 
performance. 
Finally, the values of the evaluation criteria for the centralized and decentralized systems under El 
Centro earthquakes with a PGA=0.4g are listed in Table 1. The results show that the proposed 
decentralized strategy is able to efficiently reduce the linear seismic response of the structure. 
3.2. Robustness of the proposed decentralized control algorithm 
To show the robustness of the proposed decentralized controller, the uncertainty of building stiffness is 
considered as it has been demonstrated by Yang and Akbarpour (1990) that active controllers are not 
sensitive to the uncertainty in damping. In addition to the benchmark building above, referred to as the 
"nominal building", two additional buildings are considered; one with a 15% higher stiffness matrix and 
another with a 15% lower stiffness. The proposed decentralized control approach for the nominal building 
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is applied to the "+15% building" and the "-15% building" respectively. The RMS and peak values of the 
control force and actuator stroke are shown in Table 2. 
Figure 4: The comparison of the maximum  displacement responses           Figure 5: The comparison of the   control force  
Table 1: evaluation criteria of Benchmark  
Control strategy Centralized control Decentralized control (2 Sub.)
J1 0.697 0.688 
J2 0.602 0.590 
J3 0.667 0.663 
J4 0.349 0.349 
J5 0.673 0.685 
J6 0.500 0.500 
J7 0.396 0.396 
J8 0.303 0.307 
J9 0.376 0.366 
Table 2: Evaluation Criteria for the Decentralized Control 
RMS Responses Peak Responses 
Criteria K'
0% 
K'
15% 
K'
15% 
Criteria K'
0% 
K'
15% 
K'
15% 
1J  0.688 0.843 0.696 5J  0.685 0.782 0.657 
2J  0.590 0.653 0.621 6J  0.500 0.714 0.519 
3J  0.663 0.626 0.734 7J  0.396 0.445 0.436 
4J  0.349 0.413 0.385 8J  0.307 0.429 0.356 
As observed from the results in Tables 2, the decentralized controlled acceleration response quantities 
are robust to the uncertainty of building stiffness. However, the decentralized controlled displacement 
Y. Lei and D.T. Wu / Procedia Engineering 14 (2011) 1229–1236 1235
responses are sensitive to the stiffness uncertainty. In comparison with the closed-loop decentralized 
controlled responses of the nominal structure, the maximum displacement and RMS displacement for the 
"+15% building" increase by about 24.95% and 13.88%, respectively. On the other hand, the maximum 
displacement reduces by 1.71%, but RMS displacement increases by about 7.20% for the “-15% 
building” in comparison with that of the controlled nominal building. Numerical results above indicate 
that a designer should not underestimate the stiffness of the building in designing the decentralized 
controller. 
3.3.  The condition that local controller of the subsystems loses its functionality 
Finally, there is always the possibility of poor malfunction for the control system of one of the 
substructures during an earthquake event.  
 Figure 6: The comparison of the  maximum displacement responses   Figure 7: The comparison of maximum absolute acceleration responses 
Figures 6–7 show the story displacements and floor acceleration responses under the El Centro 
earthquake excitation are reduced significantly by the proposed decentralized control algorithm under the 
condition that the control unit of the subsystem 2 loses its functionality. So, in all cases, the controlled 
system is stable. As the results indicate, when the controllers of a subsystem lose their functionality, the 
response of the whole system is quite satisfactory.  
4. CONCLUSIONS 
 In this paper, a new decentralized control algorithm is proposed for large-scale structures based 
on the instantaneous optimal control scheme and substructure approaches. The proposed decentralized 
control approach is applied to the structural control of a 20-story control Benchmark structure under 
earthquake excitation. The 20-story control Benchmark structure result shows that the controller can work 
very well, and this method has strong robustness. Finally, the condition that local controller of the 
subsystems loses its functionality is also considered to study the safety of the proposed decentralized 
control approach. 
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